The abundance and speciation of primary biological aerosol particles (PBAP) is important for 26 understanding their impacts on human health, cloud formation and ecosystems. Towards this, we have 27 developed a protocol for quantifying PBAP collected from large volumes of air with a portable wet-walled 28 cyclone bioaerosol sampler. A flow cytometry (FCM) protocol was then developed to quantify and 29 characterize the PBAP populations from the sampler, which were confirmed against epifluorescence 30 microscopy. The sampling system and FCM analysis were used to study PBAP in Atlanta, GA over a two-31 month period and showed clearly defined populations of DNA-containing particles: Low Nucleic Acid-32 content particles (bioLNA), High Nucleic Acid-content particles (HNA) being fungal spores and pollen.
currently unknown the degree to which all types of PBAP are consistently detected by LIF over different 136 time of the year and different environments; it is likely, however, that for certain classes of bioparticles
137
(e.g., pollen and fungi) the detection efficiency using LIF is relatively high. However, the low intrinsic 138 fluorescence intensity of bacteria and high variability of thereof in relation to metabolic state may lead to 139 their misclassification as non-biological particles (Hernandez et al., 2016) .
140
For LIF-based quantification of PBAP to be effective, it requires the intrinsic fluorescence of biological 141 material to exceed that of non-biological matter. Depending on the type, metabolic state and species, PBAP 142 autofluorescence may vary orders of magnitude and therefore LIF may not always be able to differentiate 143 between biological and abiotic particles. For example, Tropak and Schnaiter (2013) showed that laboratory-144 generated mineral dust, soot and ammonium sulfate may be misclassified as FBAP. To address 145 misclassification, Excitation Emission Matrices (EEMs) have been developed for biomolecules (e.g.
146
tryptophan, tyrosine, riboflavin) and non-biological (e.g. Pyrene, Napthalane, Humic Acid) molecules.
147
EEMs provide the wavelength-dependent fluorescence emission spectra as a function of the excitation 148 wavelength and are used to assign spectral modes to known fluorophores. The structure of EEMs is 149 important for identifying molecules that are unique to PBAP and allow their identification by LIF; it is this 150 principle upon which detectors in commercial FBAP measurements (e.g. WIBS, UV-APS) are based upon.
151
Comparison of EEMs from biological and non-biological molecules show that even when biomolecules 152 have higher autofluorescence intensity than non-biologicals in the LIF detection range, interferences from 153 non-biological compounds (e.g. polycyclic aromatic hydrocarbons and soot) from combustion emissions 154 can influence LIF detection (Pöhlker et al., 2012) . Considerable work remains on determining which 
173
Dioszegia hungarica) strains isolated from cloud water upon exposure to oxidants (e.g. H2O2), solar light
174
(e.g. UV radiation), osmotic shocks (e.g. multiple NaCl concentrations) and freeze-thaw cycles. Among 175 these stressors, the freeze-thaw cycles affected most the survival rate (quantified as the quotient of the 176 colony forming unit (CFU) counts before and after exposure to each stressor dose) of bacterial cells.
177
Arthrobacter sp. showed the lowest survival rates (< 20%) per cycle, and the highest survival rate of all 
204
evaporative losses of thr filmare compensated so that the sample volume is maintained constant during a 205 sample cycle. The particle collection efficiency for 1µm, 3µm, 3.5µm and 5.0µm particles is about 206 47.3±2.1%, 56.1±3.9%, 14.6 ± 0.6 and 13.8 ± 2.2%, respectively (Kesavan et al., 2015) . However, the 207 experiments conducted using 1µm PSL and 3µm PSL, 3.5µm oleic acid and 5.0µm oleic acid particles not 208 necessarily quantify the collection efficiency of biological particles in this size range. Even with a lower 209 efficiency than any impingement sampler, SpinCon has a better performance (product of the flow rate and 210 the sampling efficiency) than any impingement sampler due to its high volumetric flow rate, which make 211 it more suitable for bioaerosols detection (Kesavan et al., 2015) . The efficiency, power consumption and 212 performance of 29 biosamplers were analyzed by Kesavan et al. (2015) to determine which are best suited 213 for indoor or outdoor sampling. The study concluded biosamplers effectiveness will be determined by their 214 performance in the size range of interest, rather than just by looking its sampling efficiency. Furthermore,
215
and pure cultured P.agglomerans populations (~ 10 5 cells mL -1 ) after 1 hr sampling period by comparing
The cleaning protocol (CP) of the biosampling system consists of two phases. During phase one, all 234 acrylic windows and the outside of the collector/concentrator were cleaned with ethanol 70 wt. %. Then,
235
the instrument inlet, outlet, and the inside of the collector/concentrator was cleaned with ethanol 70 wt. %.
236
In the second phase, the SpinCon II inlet was connected to a HEPA filter to provide a particle-free source 
254
The volumetric flow rate within the SpinCon II was routinely calibrated by a VT100 Hotwire Thermo- 
260

Flow Cytometry
261
During this study, a BD Accuri C6 flow cytometer (BD Bioscience Inc.) was used for Flow Cytometry.
262
The instrument quantifies suspended cells in aqueous medium at three flow velocity modes (slow, medium
263
and fast flow at 14, 35 and 66 µL min -1 , respectively). It excites particles with a 488nm laser and possesses
264
four fluorescence detectors: FL1 (533±30nm), FL2 (585±40nm), FL3 (> 670nm) and FL4 (675±25nm),
265
which make it possible to analyze the fluorescence from multiple dyes concurrently. In this study, 2.5 µM 
294
The WIBS-4A (referred to henceforth as "WIBS") is a single biological particle real time sensor, which 295 measures particle light scattering and autofluorescence in an approximately 0.5 -15µm particle range
296
(www.dropletmeasurement.com). Particles are initially sized using the 90-degree side-scattering signal 297 from a 635 nm continuous-wave diode laser. The scattering intensity is directly related to particle diameter
298
and was calibrated prior to deployment using polystyrene latex sphere calibration standards (PSL with 0.8, 
309
to the detected emission between 310-400nm after excitation at 280nm, (ii) channel B ("FL2_280" in 310 previous studies), which refers to the detected emission between 420-650nm after excitation at 280nm, and,
311
(iii) channel C ("FL2_370" in previous studies), which refers to the detected emission between 420-650nm 312 after excitation at 370nm. The resulting autofluorescence from 280nm excitation is affected by the presence 313 of tryptophan, tyrosine and phenylalanine aminoacids in the PBAP (Pöhlker et al., 2012) . Similarly, the 314 resulting autofluorescence from the 370nm excitation is influenced by the presence of riboflavin and co-
315
enzyme Nicotinamide Adenine Dinucleotide Phosphate (NAD(P)H) within the cells.
316
Biological and non-biological particles can be discriminated by using a fluorescent intensity threshold; 
352
wintertime Beijing, China; interestingly, the FBAP contribution to the total particle concentration is higher 353 during polluted events (13-24%) than during clean events (12-14%). FL1 type particles (sum of types AC,
354
ABC, AB and A) are more abundant in clean periods (~25%) than in polluted periods (10.1%), while the 355 fraction of type C FBAP is higher during polluted periods (~20%) than during clean periods (~5%). 
359
Technology campus in Atlanta, GA. The site, which was located at the heart of a major urban environment,
360
is surrounded by dense forested areas in the southeastern USA: the Oconee National Forest (South East),
361
the Chattahoochee National Forest (North), and the Talladega National Forest (West). The WIBS was Table 1 ). Meteorological data acquired from the same platform provided wind speed, wind direction, relative 367 humidity (RH), temperature, total hourly rain and UV radiation index with a 1min resolution.
369
Data processing and Analysis 370
FCM data processing
371
All blanks collected showed contamination levels that did not exceed 1% of the PBAP quantified in the 372 subsequent atmospheric samples. The 2-minute instrument blanks obtained after the CP and the HEPA filter 373 washes was 1.0610 3 ± 7.3710 2 mL -1 and 9.2210 2 ± 1.2410 2 mL -1 , respectively, which are negligible 374 accumulations compared to the 2.5510 5 ± 1.14 10 
480
In this study, thresholds for each channel were determined daily, and the total particle concentration, 
503
The HNA size distributions are dominated by 3-5µm particles (mean diameter: 4.15 ± 0.06 µm;
504
Supplemental Information, Figure S10 ) and the total concentration strongly correlated with RH. 
516
It is known that pollen may burst into tiny fragments when is suspended in water (e.g., Augustin et al., 
535
A threshold value were counted as biological, giving us the PBAP counts within the LNA population and 536 will be referred henceforth as the "bioLNA" population ( Figure 2) .
537
A population of strongly fluorescing and very large particles (10-20µm, avg. average geometric mean 538 diameter 12.3 ± 1.7µm) was identified (Figure 2 ). This population also strongly autofluoresces in the FCM 539 when SYTO-13 was not added to the sample (SI.7, Figure S11 ). All together this indicates a population of 540 pollen particles, as they are known to contain cell wall compounds (i.e., phenolic compounds, carotenoid 541 pigments, Phenylcoumarin) that fluoresce more strongly than the proteins and cytosolic compounds 542 responsible for bacteria/fungi autofluorescence (Pöhlker et al., 2012; Hill et al., 2009; Pöhlker et al., 2013) .
543
The pollen population was not well-defined during all sampling events; whenever present, pollen was ) and they are not constrained to a specific size range. In addition,
561
we must note that additional concentration corrections are required owing to the sampling efficiency of the
562
SpinCon II, but will be considered in sections 4.3 and 4.4.
563
Before SpinCon II sampling efficiency corrections are applied, FCM total particle concentrations range 564 from 2.6  10 4 m -3 to 2.9  10 5 m -3 , with increasing concentrations toward the end of the sampling period.
565
In addition, total PBAP concentration averaged 2.4  10 4 ± 1. Medellin, Colombia; Guarín et al., 2015) . Also, additional experiments performed in September 2015,
574
described in Figure S7 of the supplemental information (supplemental information, SI.6), showed that EPM
575
and FCM-based quantifications agree within an order of magnitude. This is consistent with Lange et al.
576
(1997), whom also found that FCM gives higher quantifications than EPM microscopy when studying P.
577
aeruginosa pure cultures and airborne bacteria collected from a swine confinement building in Iowa, USA.
578
To better understand SYTO-13 fluorescence intensity differences between the identified (e.g. bioLNA, 
672
A quantitative comparison between WIBS-4A total particle and FCM total particle concentrations
673
was subsequently performed and we focused the analysis to the 1 to 5µm size range as SpinCon sampling 674 efficiency is reduced significantly above 5µm (≤14%; Kesavan et al., 2015) . WIBS-4A and FCM total 
720
(2015) experiment were conducted in a short period of time (e.g. 10-15 min) and ours took place for 4 hr.
721
The main mechanisms leading to below 3µm particle losses could be their re-arosolization over time being
722
lost through the blower exhaust of the SpinCon II (Figure 1) . Also, coagulation of small particles over time
723
can not be rule out, but future work is needs to study it. 
737
on contrary, PBAP will get stressed when exposed to warm and dry conditions. The sampling times, RH,
738
ambient temperature and meteorological categories of each SpinCon II sample is presented in Table 1 .
739
Humid and warm days (4/7, 4/14 and 4/15; light green shaded areas in Figure 5a ) were characterized
740
by well-defined HNA and bioLNA populations. These sampling episodes had the highest average HNA
741
(fungal spore) concentration (4.0× 10 4 ± 1.3×10 4 m -3 ) among the four meteorological regimes and during
742
these sampling events HNA constituted ≥ 77 % of the total PBAP. Among the humid and warm days ( Figure   743 5a and 5b), average bioLNA, HNA and "unclassified" bioaerosol compositions were 6.1%, 84.0% and 744 9.9%, respectively of the total PBAP number. Also, the humid and warm days occurred after rain events,
745
which can be linked directly to the strong fungal spore invigoration (Huffman et al., 2013) . Before sampling, 
775
before, on set, during and after a rainfall; Yue et al., 2016) .
776
Six of the fifteen sampling days were classified as warm and dry (4/8, 4/9, 4/22, 5/13, 5/14, 5/15; light 777 orange shaded areas in Figure 5a ) and it did not rain before or during any of these days ( 
802
Four of the fifteen sampling days (4/21, 4/23, 4/28 and 4/30; light blue shaded areas in Figure 5a ) were 803 characterized by cold and dry conditions (Table 1 ). PBAP were dominated by bioLNA during these events,
804
as can see in Figure 7a 
806
in Figure 7b during a warm and dry day. Overall, HNA was detected during cold and dry days, but showed 807 lower contributions to the total PBAP number concentration than humid days. Among cold and dry days,
808
the PBAP population (1 to 5 µm) was composed on average of 72.6 ± 10.1% bioLNA and 16. 
60
In each population, warmer colors represent higher particle concentrations. 71   72  73  74  75  76  77  78  79  80  81 
